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We construct supersymmetric Lorentz violating operators for matter and gauge fields. We show that
in the supersymmetric Standard Model the lowest possible dimension for such operators is five, and
therefore they are suppressed by at least one power of an ultra–violet energy scale, providing a pos-
sible explanation for the smallness of Lorentz violation and its stability against radiative corrections.
Supersymmetric Lorentz noninvariant operators do not lead to modifications of dispersion relations
at high energies thereby escaping constraints from astrophysical searches for Lorentz violation.
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I. INTRODUCTION
Recent years have seen an increase in the number of
theoretical studies of Lorentz Violation (LV), as well as
intensified experimental efforts searching for LV signa-
tures in terrestrial, astrophysical and cosmological set-
tings [1, 2]. For example, effective LV at low energies
may arise in string theory due to a non–vanishing back-
ground of an anti–symmetric tensor field. Alternative
scenarios of quantum gravity often predict that at ultra–
short distances particle dispersion relations are modified
by cubic and higher terms in the energy, (see, e.g. [3]),
E2 = p2 +m2 + b1
E3
M
+ b2
E4
M2
. . . , (1)
where bi are some dimensionless constants. Although
such conjectures are undoubtedly very speculative, if true
they could provide a powerful tool of probing microscopic
M−1 distances via LV physics.
LV operators can be classified according to their di-
mension. Cubic and higher order modifications of dis-
persion relations correspond to LV operators of at least
dimension five [4]. According to naive dimension count-
ing, the dimension D of an operator determines its scal-
ing ∼ M4−D with the characteristic energy scale M
at which the operator is generated. Hence, dimension
five operators are necessarily suppressed by one power
of the ultraviolet scale M . However even Planck mass
(MPl)–suppressed operators for photons, electrons and
quarks are ruled out by a number of astrophysical con-
straints and precision measurements up to ∼ 10−5 level
[4, 5, 6, 7]. Even more serious problems arise with dimen-
sion three and four LV operators classified in [8], since
there are no dimensional arguments as to why such op-
erators should be small. Moreover, higher dimensional
operators will in general induce lower dimensional ones
through loop corrections with power–law divergent coef-
ficients. Only additional symmetry arguments may pro-
vide genuine suppressions of such lower dimensional op-
erators [4].
An obvious candidate for such a symmetry is super-
symmetry (SUSY). Following the prevailing point of view
in particle theory, we assume that at ultra–short dis-
tances (close to 1/MPl) SUSY is realized exactly. As
the ultraviolet behavior of SUSY theories are free of po-
tentially dangerous quadratic divergences, it is generally
accepted as being a technical solution to the hierarchy
problem. SUSY is conventionally introduced as a graded
extension of the Poincare´ algebra generated by transla-
tions, rotations and Lorentz transformations, therefore,
one might expect that SUSY is simply incompatible with
LV physics. This is not the case because it is possible to
restrict all considerations to the subalgebra generated by
supercharges and translations only. In this work we only
consider LV SUSY theories that are representations of
this algebra without any further modifications. Moreover
we only focus on the standard chiral and vector super-
fields, which are conventionally used to describe the field
content of the Minimal Supersymmetric Standard Model
(MSSM). Of course, the constraints of Lorentz and rota-
tional invariance cannot be enforced anymore. However,
we will see that SUSY still provides a very powerful se-
lection rule for LV interactions. Moreover, like in con-
ventional SUSY field theories we expect that operators
forbidden by SUSY will be suppressed by some power
of msoft/M below the soft SUSY breaking scale msoft,
leading to a possible partial explanation of why the LV
operators of dimension three are so tiny.
In this Letter we classify LV operators that are com-
patible with exact SUSY for arbitrary vector and ten-
sor backgrounds. To this end, we describe a systematic
method of constructing LV interactions in the SUSY con-
text. We find that SUSY combined with gauge invariance
severely constraints the possible form of such operators.
From this analysis we conclude that the smallest dimen-
sion of LV operators within the framework of the MSSM
is five. We show that these SUSY LV operators do not
lead to significant modifications of dispersion relations.
II. SUPERSYMMETRIC LV LAGRANGIANS
As stated earlier, LV preserves the subalgebra gener-
ated by supercharges and translations, thereby allowing
the use of the superspace technique. Even though this is
2equivalent to a component approach, the superspace lan-
guage permits the most straightforward and economical
formulation of LV operators. To fix the notations we fol-
low the textbook by Wess & Bagger [9]. The matter and
gauge fields in the MSSM are described by chiral multi-
plets and vector multiplets. To facilitate the counting the
dimensions of LV operators from their superfield expres-
sions, we list the mass dimensions of objects appearing
in this Letter in the table below:
obj. ∂m θ
α Dα
∫
d2θ
∫
d4θ S V Wα
dim. 1 − 12
1
2 1 2 1 0
3
2
Here S denotes a chiral superfield, i.e. D¯α˙S = 0, and D¯α˙
is a super covariant derivative. The superfield strength
Wα = −
1
4D¯
2
(
e−VDαe
V
)
is obtained from the vector su-
perfield V . With the use of this table, it follows that the
standard Lagrangian for the Wess–Zumino model,
LWZ =
∫
d2θ P (S) + h.c. +
∫
d4θ S¯S, (2)
with a (cubic) superpotential P (S) has mass dimension
four. Throughout this work we include the superspace
measures in the counting of the dimension of operators.
We construct SUSY LV operators coupled to back-
ground tensors that lead to modifications of physical ob-
servables, like a preferred direction or Lorentz frame. Our
main result states that:
Any LV operator respecting MSSM gauge invariance
and exact SUSY has dimension five or higher and there-
fore is suppressed by at least one power of an ultraviolet
scale M .
We show this in three steps: First we classify LV op-
erators for chiral superfields, next we investigate conse-
quences of gauge invariance, and finally we apply our
results to the MSSM. The fundamental chiral and vector
multiplets, S and V , do not carry any Lorentz indices.
As only the derivatives Dα, D¯α˙ and ∂m are SUSY pre-
serving, SUSY LV interactions should be constructed by
applying a number of these derivatives to superfields S
and V . Consequently, any SUSY LV interaction contains
two or more superfields, otherwise it is a total derivative
in superspace. This rules out a LV generalization of the
Fayet–Iliopoulos term
∫
d4θ V . The absence of external
fermionic backgrounds implies that all SUSY LV opera-
tors contain an even number of fermionic derivatives Dα
and D¯α˙. Combining these observations imply that SUSY
LV starts at dimension four. In particular, we find that
possible LV operators for chiral superfields (labeled by
a, b, c) up to dimension five are obtained as chiral inte-
grals (
∫
d2θ) of the superpotential terms
Sa∂mSb, Sa∂m∂nSb, SaSb∂mSc, (3)
and as full superspace integral (
∫
d4θ) of
S¯a∂mSb, (4)
up to total derivatives in superspace. Of all these oper-
ators only the first term in (3) has dimension four; all
others have dimension five.
Next we proceed to LV in SUSY gauge theories. As Dα
and ∂m break super gauge transformations S → e
−ΛS
and eV → eΛ¯eV eΛ, we introduce covariant derivatives
DαS = e
−VDα(e
V S) and
∂mS → DmS = −
i
4
σ¯α˙αm Dα˙αS = −
i
4
σ¯α˙αm D¯α˙DαS. (5)
Contrary to ∂m, this covariant derivative does not re-
spect chirality: D¯β˙Dα˙αS = 2ǫβ˙α˙WαS 6= 0, and hence
LV superpotentials (3) cannot be generalized to charged
chiral superfields! Consequently, the only dimension five
SUSY LV operator for a charged chiral multiplet is the
gauge invariant version of the Ka¨hler LV term (4):
S¯eVDmS. (6)
The constraints of gauge invariance for vector multiplets
are similar to standard Lorentz preserving theories, hence
possible LV terms in the SUSY gauge sector are the full
superspace integral of
tr W¯α˙e
VWαe
−V (7)
of dimension five and chiral integrals of
trW(αW
′
β), trSW(αW
′
β), trWα∂mW
′
β , (8)
where the first expression has dimension four, while the
other two have dimension five. The chiral superfield S
is in an adjoint representation if V is non–Abelian, and
a gauge singlet for Abelian V . Where needed, we have
preformed symmetrization of α and β, denoted by (α, β),
to project on LV anti–symmetric tensor background,
bmn(σmnǫ)
αβ (which may appear in non–commutative
field theories, for example). For a single U(1) or for non–
Abelian gauge multiplets the first term of (8) vanishes.
Now we apply these results to the MSSM: Since all
MSSM chiral superfields are charged under gauge symme-
tries, no LV superpotential is allowed. In particular, a LV
generalization of the µ term in the Higgs sector,H1∂mH2,
is excluded by gauge invariance. Since MSSM contains
only one U(1) vector multiplet, operator trW(αW
′
β) van-
ishes. Therefore all dimension four SUSY LV operators
in the MSSM are excluded, and the LV terms start from
dimension five. Moreover, not only are dimension four
LV operators forbidden in the MSSM, but also the num-
ber of dimension five operators is limited: The only three
types of operators are Ka¨hler terms (6) for MSSM chiral
multiplets, interactions based on (7) and the third term
in (8) for the MSSM vector multiplets.
Finally, we stress that in any SUSY theory LV is al-
lowed only at dimension four and higher. If the spectrum
of MSSM at the electroweak scale or below is extended
by chiral singlets such as right–handed neutrinos, and/or
by additional U(1) vector multiplet(s), dimension four
LV operators from (3) and (8) can indeed appear.
3III. PHENOMENOLOGICAL CONSEQUENCES
As shown above there exists only three possible types
of dimension five LV operators that preserve SUSY in the
MSSM. We investigate phenomenological consequences
of these operators and, in particular, we claim that:
The dimension five SUSY LV operators do not lead to
significant modifications of dispersion relations.
The physical reason for this result can be understood
from the modification of the kinetic term (6) for the
scalar component z of a chiral superfield S. This mod-
ification M−1z¯∂m∂
2z can be reduced on the equations
of motion to M−1m2z¯∂mz. The resulting ∼ M
−1m2E
correction of the dispersion relation is small w.r.t. m2.
These arguments can be lifted to superspace. For sim-
plicity, we focus on LV in the Super Quantum Electrody-
namics (SQED) part of the MSSM, as the extension to
the full MSSM is straightforward. The theory of SQED
consists of a U(1) vector multiplet V and two oppositely
charged chiral superfields E±. The complete SQED La-
grangian with all dimension five SUSY LV terms is given
by
∫
d2θ
( 1
16e2
W 2 +mE+E−
)
+ h.c. +
∫
d4θ E¯±e
±VE±
+
1
M
∫
d4θ
(
iNm± E¯±e
±V
DmE± −
1
2
Nm W¯ σ¯mW
)
+
1
M
∫
d2θ CpmnWσmn∂pW + h.c., (9)
with e the electric charge and m the mass of the electron.
The first line gives the standard Lagrangian for SQED,
while the other two lines describe SUSY LV by external
vectors Nm± and N
m, and a tensor Cpmn = −Cpnm.
To show that the dispersion relation of the elec-
tron/positron is not significantly modified, we compute
the superfield equations of motion,
∂2E± −m
2
(
1−
i
M
(Nm± −N
m
∓ )∂m
)
E± = 0, (10)
up to first order in the LV and dropping all dependence
on the vector superfield V . The resulting corrections to
the dispersion relation,
E2 = p2 +m2 +m2(N0± −N
0
∓)
E
M
+ . . . , (11)
are drastically smaller than the conjectured form (1), and
in fact, much smaller thanm2 as long asE ≪M ! Further
corrections with higher powers of E are suppressed by ad-
ditional factors of m/M . The same holds for higher di-
mensional SUSY LV operators, like E¯±e
±V
DmDn . . . E±.
An even stronger conclusion can be reached for the pho-
ton LV operators in (9). The equation of motion in the
presence of Nm
(
1−Nmσ¯α˙αm D¯α˙Dα
)
DβD¯2Dβ V = 0. (12)
can be solved iteratively to first order in LV parameter.
The zeroth order equation of motion can be applied in the
second term of Eq. (12) after which it vanishes, leaving
no modifications of photon propagation by Nm! Using
similar approach, we can extend this result to the Cpmn–
proportional operator in (9).
To understand some other phenomenological conse-
quences of SUSY LV, we present the component form
of Nm–proportional operator of (9):
−
Nm
2M
∫
d4θ W¯ σ¯mW =
Np
M
[1
2
F˜kp∂lF
kl −D∂kFkp
+ ηpkλσ
k
✷λ − λσm∂m∂p λ,
]
, (13)
where Fmn is the electromagnetic field strength, λ is the
photino, and D is the auxilary field. The spatial com-
ponent of Nm couples to the cross product of the elec-
tric field and the electric current, (E× J) ·N upon the
replacement of ∂lF
kl by the current Jk in (13). Un-
der descrete symmetries this interaction is CPT odd, P
even, C and T odd. The average of E× J inside a par-
ticle with charged constituents, i.e. a nucleon or a nu-
cleus, is a vector directed along a nuclear spin I. Fol-
lowing the method of [4], we estimate the size of an ef-
fective interaction between N and I to be at the level of
Heff ∼ (10
−5 − 10−3)M−1(1 GeV)2(N · I), where 1 GeV
enters as a characteristic hadronic energy scale. This is
precisely the correlation searched for by the clock com-
parison experiments (see e.g. [10] and references therein)
and NM−1 is limited typically at the level better than
10−5M−1Pl .
IV. LORENTZ VIOLATING SUSY BREAKING
LV operators constructed in Section II respect SUSY
manifestly. Here we present a method to obtain LV La-
grangians that generically lead to SUSY breaking. Con-
sider the Lagrangian
∫
d4θ V˜ Ψ, with V˜ = −nmθσ
mθ¯. (14)
for an arbitrary (real composite) superfield Ψ. According
to the table in Section II the superspace variables θ¯α˙ and
θα in V˜ effectively reduce the dimension of the operator
by one. For example, by taking Ψ = S¯S we obtain LV
operators of dimension three. This construction does not
preserve SUSY in general: Only if
∫
d4x D¯2DαΨ| = 0, (15)
the operator (14) respects SUSY. (Here | indicates that
θα and θ¯α˙ are set to zero after all superspace differentia-
tions.)
This result can be used to show that LV by a Chern–
Simons term, i.e. nmǫ
mnklAn∂kAl, does not have a SUSY
4extension. Using (14) we obtain a Lagrangian that con-
tains the Chern–Simons interaction
M
∫
d4θ V˜ Ω =
nm
4
M
(
ǫmnklAn∂kA
′
l + λσ
mλ¯′
)
, (16)
where Ω = − 14
(
DαVW ′α + D¯α˙V W¯
′α˙ + V DαW ′α
)
is the
Chern–Simons superfield [11]. (The construction works
also for a single vector multiplet V ′ = V , and (16) is
super gauge invariant because D¯2DαV˜ = 0.) But the
condition (15) implies that the Lagrangian (16) does not
respect SUSY, since D¯2DαΩ
∣∣ = Dα(W βW ′β)∣∣ does not
vanish. Our conclusion supports the recent result of ref.
[12] that Chern–Simons interactions require SUSY break-
ing. Moreover, by taking V ′ = ∂m∂nV in (16), we con-
clude that the only dimension five operator that leads
to E3–modification of the photon dispersion relation [4],
Fmp∂
nF˜ kp breaks SUSY explicitly!
V. DISCUSSION AND CONCLUSION
Before summarizing our main findings we comment on
some recent publications [13, 14] that considered the con-
struction of dimension three and four SUSY LV interac-
tions for a (neutral) chiral superfield, which seems to be
in conflict with the main results of this work. As the au-
thors observe themselves, the dimension three operators
can be removed by a suitable (super)field redefinitions
[13] leaving no observable effects. But they claim that
the modification of the Wess–Zumino action by a sym-
metric tensor kmn combined with modified superalgebra
and SUSY transformations gives rise to viable LV effects.
However, their resulting dimension four LV Lagrangian
(given in [13]) can be removed by the linear change of
coordinates, x′m = xm− km
nxn, which also brings SUSY
transformations to a usual Lorentz–conserving form.
We have presented a method of obtaining manifestly
supersymmetric LV interactions by allowing free space-
time or an even number of super covariant derivatives
to act on superfield expressions. We proved that exact
SUSY requires LV to start at dimension four or higher.
Gauge invariance and chirality prohibits derivatives on
charged chiral superfields to appear in the superpoten-
tial. Therefore LV in the charged chiral multiplet sector
begins at dimension five since extra derivatives are al-
lowed only in kinetic terms. Applying our results to the
superfield content of the MSSM we arrive at our central
conclusion: All possible LV operators in MSSM have at
least dimension five and therefore are suppressed by one
or more powers of a large ultra–violet scale responsible
for LV. Dimension five SUSY LV interactions for SQED
are given in (9) with obvious generalization to full MSSM.
None of the SUSY LV operators lead to significant
high–energy modifications of the dispersion relations. We
find that SUSY LV operators can be reduced on the equa-
tions of motion, producing an additional suppression by
m2 and suggesting a generic form of the SUSY LV dis-
persion relation:
E2 = p2 +m2
(
1 + b1
E
M
+ b2
E2
M2
+ . . .
)
, (17)
which is in sharp contrast with (1), and does not mod-
ify propagation of photons. Therefore, SUSY LV leaves
no imprint on the propagation of high–energy particles
and escapes constraints from astrophysical searches of
LV, but can be probed with precision measurements at
low energies.
As exact SUSY forbids dimension three LV operators
the problem of dimensional transmutation of dimension
five LV operators to dimension three with quadratically
divergent loop coefficients is solved. In a more realistic
theory SUSY needs to be broken, and dimensions three
operators may be generated but the quadratic loop diver-
gencies are stabilized at the soft breaking scale. Details
of SUSY LV phenomenology with inclusion of soft SUSY
breaking and loop corrections will be investigated else-
where [15].
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